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7KHSDSHUHYDOXDWHG WKHSRWHQWLDORIJUDQXODWHGEODVW IXUQDFHVODJ *%6 WR VWDELOL]HD VRIW VRLO6RIW VRLO VDPSOHVZHUHFROOHFWHG IURP
7DWLEDQGK$WDULUXUDOURDGRI5DLSXU&KKDWWLVJDUK7KLVVRLOZDVFODVVLILHGDV&,0,DVSHU,QGLDQVWDQGDUGFODVVLILFDWLRQV\VWHP,6&6
'LIIHUHQW DPRXQWV RI *%6 LH    DQG  ZHUH XVHG WR VWDELOL]H WKH VRIW VRLO 7KH SHUIRUPDQFH RI *%6 VWDELOL]HG VRLOV ZDV
HYDOXDWHG XVLQJ SK\VLFDO DQG VWUHQJWK SHUIRUPDQFH WHVWV QDPHO\ SODVWLFLW\ LQGH[ VSHFLILF JUDYLW\ IUHH VZHOOLQJ LQGH[ FRPSDFWLRQ









6RIW VRLOV ZKLFK FRQWDLQ PRQWPRULOORQLWH FOD\ PLQHUDO VKRZ PDMRU YROXPH FKDQJHV GXH WR FKDQJH LQ WKH PRLVWXUH




OLPH LV ZHOO GRFXPHQWHG > @ 6RLO VWDELOL]DWLRQ ZLWK FHPHQW LV QRW SUHIHUDEOH EHFDXVH RI WKH LQFUHDVLQJ FRVW DQG
HQYLURQPHQWDO FRQFHUQV UHODWHG WR LWV SURGXFWLRQ 3URGXFWLRQ SURFHVV RI FHPHQW UHOHDVH &2 LQ WKH HQYLURQPHQW
$SSUR[LPDWHO\RQHWRQHRI&2LVSURGXFHGGXULQJWKHSURGXFWLRQRIRQHWRQHRIFHPHQW>@3URGXFWLRQRIOLPHDOVRHPLWV
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LQ FRPSDULVRQ WR VRLO 7KH\ DOVR FRQFOXGHG WKDW SDUWLDO UHSODFHPHQW RI **%6 ZLWK IO\ DVK IXUWKHU LQFUHDVHG WKH 8&6
$NLQPXVXUX >@ VWXGLHG WKH HIIHFW RI PL[LQJ RI **%6 RQ WKH FRQVLVWHQF\ FRPSDFWLRQ FKDUDFWHULVWLFV DQG VWUHQJWK RI
ODWHULWLFVRLO7KH**%6FRQWHQWYDULHGIURPWRE\GU\VRLOZHLJKW+HREVHUYHGDGHFUHDVHLQERWKWKHOLTXLGDQG
SODVWLFOLPLWVDQGDQLQFUHDVHLQSODVWLFLW\LQGH[ZLWKLQFUHDVLQJ**%6)XUWKHUKHREVHUYHGWKDWWKHFRPSDFWLRQFRKHVLRQ
DQG&%5LQFUHDVHGZLWK LQFUHDVLQJ WKH**%6FRQWHQWXS WRDQG WKHQVXEVHTXHQWO\GHFUHDVHG7KHDQJOHRI LQWHUQDO
IULFWLRQ GHFUHDVHG ZLWK LQFUHDVLQJ **%6 SHUFHQWDJH :RQJ >@ VWXGLHG WKH HIIHFW RI **%6 FROOHFWHG IURP GLIIHUHQW
VRXUFHV DQGZLWKGLIIHUHQW JUDGLQJVRQ WKHSHUIRUPDQFHRI SDYHPHQWPDWHULDOV+HREVHUYHGKLJKHU HDUO\ VWUHQJWKV IURP




VXOSKDWHFRQWDLQLQJFOD\VZKLFKDUH VWDELOL]HGZLWK OLPH UHGXFH VXEVWDQWLDOO\ WKHLU H[SDQVLRQZKHQH[SRVHG WRZDWHU DQG
KDYH QR VLJQLILFDQW GHOHWHULRXV HIIHFW RQ VWUHQJWK GHYHORSPHQW 7KH\ DOVR REVHUYHG WKDW WKHUH LV D GHFUHDVH LQ SODVWLFLW\
LQGH[ VLJQLILFDQW LQFUHDVH LQ VWUHQJWKDQGVOLJKW LQFUHDVH LQPD[LPXPGU\GHQVLW\ZLWKDGHFUHDVH LQ OLPH **%6UDWLR
+LJJLQV HW DO >@ LQYHVWLJDWHG WKH HIIHFW RI XVLQJ **%6 DQG OLPH RQ WKH VZHOOLQJ FKDUDFWHULVWLFV RI NDROLQLWH DQG
.LPPHULGJHFOD\ LQDVLWHWULDO7KLVWULDOVKRZHGWKDW**%6ZDVFRPSOHWHO\VXFFHVVIXO LQUHGXFLQJ ?VZHOOLQJFDXVHGE\
VXOSKDWH7KH\DOVRREVHUYHGWKDWWKHRSWLPXPOLPH**%6UDWLRWRDFKLHYHWKHPD[LPXP8&6LVIRUNDROLQLWHFOD\
DQGWKDWWKHRSWLPXPLVDERXWIRU.LPPHULGJHFOD\+LJJLQVDQG.HQQHG\>@DOVRFDUULHGRXWDVLWHWULDOXVLQJ**%6
DQG OLPH RQ D WHPSRUDU\ GLYHUVLRQ WR FDUU\ WKH $ 7LQJHZLFN E\SDVV WUDIILF LQ 8.  7KLV VLWH FRQWDLQHG VXOSKDWH
FRQWDLQLQJERXOGHUFOD\7KH\XVHG**%6DFWLYDWHGE\OLPHLQSDUWLFXODUVHFWLRQVDQGOLPHDQGFHPHQWLQRWKHUVHFWLRQV
7KH\ IRXQG WKDW WKH WHPSRUDU\GLYHUVLRQSHUIRUPHGZHOORYHUD\HDU7KH\GLGQRWREVHUYHDQ\VZHOOLQJSUREOHPV LQ WKH
VHFWLRQVZKLFKZHUHWUHDWHGZLWK**%6DFWLYDWHGE\OLPHZKLOHREVHUYLQJLQGLFDWLRQVRIH[SDQVLRQDWWKHVHFWLRQZKLFKZDV
WUHDWHGZLWKOLPHDQGFHPHQWZLWKRXWXVLQJ**%6
1HHUDMD DQG 5DR >@ XWLOL]H LQGXVWULDO ZDVWHV OLNH 5+$ )$ DQG **%6 DV VWDELOL]LQJ DJHQWV IRU WKH FRQVWUXFWLRQ RI




**%6DVDQDOWHUQDWLYH WR OLPHRUFHPHQWVRDV WRPDNH LWFDSDEOHRI WDNLQJPRUH ORDGVIURPWKH IRXQGDWLRQVWUXFWXUHV
7KH\KDYHREVHUYHGWKDWWKHVWUHQJWKLPSURYHPHQWGHSHQGVRQWKHDPRXQWRI**%6XVHGDQGWKHHIIHFWRIFXULQJSHULRGLV
OHVVSURQRXQFHG)XUWKHU WKH\KDYHFRQFOXGHG WKDW WKH LQLWLDO WDQJHQWPRGXOXVYDOXHVJHQHUDOO\ LQFUHDVHVZLWK LQFUHDVH LQ
**%6FRQWHQW
,Q FRQWH[W RI DERYH PHQWLRQHG VWXGLHV LW KDV EHHQ GHFLGHG WR SHUIRUP WKH VLPLODU VWXG\ RQ VRIW VRLO FROOHFWHG IURP






GHSWK RI  PHWHU XVLQJ WKH PHWKRG RI GLVWXUE VDPSOLQJ *%6 ZDV REWDLQHG IURP %KLODL VWHHO SODQW GLVWULFW 'XUJ
&KKDWWLVJDUK,QGLD
 7HVWLQJ0HWKRGV










LQRUJDQLF ILQH JUDLQHG H[SDQVLYH VRLO ZLWK EODFNLVK JUD\ LQ FRORXU 7KH VSHFLILF JUDYLW\ DQG S+ YDOXH RI VRIW VRLO ZHUH
HYDOXDWHGDVDQGUHVSHFWLYHO\7KHOLTXLGOLPLWSODVWLFOLPLWDQGSODVWLFLW\LQGH[RIWKHUDZVRLOZHUHIRXQG
 DQG UHVSHFWLYHO\7KH HQJLQHHULQJSURSHUWLHV RI WKH VRIW VRLO DUH VKRZQ LQ7DEOH$V UHIHUUHG WR WKH ,QGLDQ
VWDQGDUG DQG$$6+72VRLO FODVVLILFDWLRQ V\VWHP WKH VRLOZDV FODVVLILHG DV&,0, DQG$ZLWKJURXS LQGH[ *,
































REWDLQ WKH RSWLPXP DPRXQW IRU VWDELOL]DWLRQ  3K\VLFDO DQG VWUHQJWK SURSHUWLHV RI WKH EOHQGHGPL[ZDV HYDOXDWHG LQ WKH
ODERUDWRU\DQGFRPSDUHGZLWKWKHSURSHUWLHVRIWKHVRIWVRLOWRREWDLQWKHRSWLPXPDPRXQWRI*%6










RI0''DQG20&LVVKRZQ LQILJVDQGUHVSHFWLYHO\)URPWKHILJVDQG LW LVFRQIHUUHG WKDW0''LQFUHDVHGDQG
20&GHFUHDVHGZLWKLQFUHDVLQJSHUFHQWDJHRI*%6ZKLFKLVFRQVLVWHQWZLWKREVHUYDWLRQVUHSRUWHGE\$NLQPXVXUX>@7KH
LQFUHDVHLQWKH0''FDQEHDWWULEXWHGWRWKHUHSODFHPHQWRIVRLOE\WKH*%6LQWKHPL[WXUHZKLFKKDYHUHODWLYHO\KLJKHU
VSHFLILF JUDYLW\  FRPSDUHG WR WKDW RI WKH VRLO ZKLFK LV  7KH LQFUHDVH LQ WKH0''PD\ DOVR EH H[SODLQHG E\
FRQVLGHULQJWKH*%6DVILOOHUZLWKKLJKHUVSHFLILFJUDYLW\LQWKHVRLOYRLGV7KHUHZDVGHFUHDVHLQ20&ZLWKLQFUHDVH*%6




3DUW  ± UHVSHFWLYHO\RQ WKH VDPSOHSUHSDUHG DW RSWLPXPPRLVWXUH FRQWHQW)LJV DQG VKRZV WKH YDULDWLRQRI
VZHOOLQJ SUHVVXUH DQG IUHH VZHOOLQJ LQGH[ UHVSHFWLYHO\ E\ DGGLWLRQ RI YDU\LQJ SHUFHQWDJH RI *%6 ZKLFK LV VLPLODU WR









±*%67KH VXEVHTXHQW LQFUHDVH LQ WKH8&6 LV DWWULEXWHG WR WKH IRUPDWLRQRI FHPHQWLWLRXV FRPSRXQGVEHWZHHQ WKH
&D2+SUHVHQWLQWKHVRLODQGWKHSR]]RODQDSUHVHQWLQWKH*%6>@7KHGHFUHDVHLQWKH8&6YDOXHVDIWHUDGGLWLRQRI

















*%6 &%5 NHSW LQFUHDVLQJ DQG ULVHV WR SHDN DW *%6 ,W VOLJKWO\ GURSSHG DW *%6 7KLV WUHQG VKRZV WKDW WKH




WKH RSWLPXP DPRXQW RI DGGLWLYH RI EOHQGHG VRLO ,Q WKH SUHVHQW VWXG\ VRDNHG &%5 ZKLFK VLPXODWHV WKH DFWXDO ILHOG
FRQGLWLRQDQG8&6WHVWUHVXOWVKDYHEHHQXVHGWRGHFLGHWKHRSWLPXPDPRXQWRI*%6,WFDQEHLQIHUUHGIURPWKHILJVDQG
WKDWVRDNHG&%5YDOXHLQFUHDVHGIURPRILWVXQVWDELOL]HGFRXQWHUSDUWWRPD[LPXPYDOXHRIDW*%6











































































)LJ20&RI*%60L[HV    )LJ6ZHOOLQJ3UHVVXUHRI*%60L[HV

































































)LJ&%5RI*%60L[HV   

&RQFOXVLRQ
7KHVWXG\KDVEHHQFRQGXFWHG WRDVVHVV WKHSRWHQWLDORI*%6WRVWDELOL]H WKHVRIWVRLO6HOHFWHGVRIWVRLO IRUVWXG\ZDV
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